: Fluid parameters and experimental conditions. The other parameters entering the Rayleigh-Roberts number are the thermal diffusivity and the thermal conductivity that are, for these type of samples, the ones of water (1.46 10 −7 m 2 s −1 and 0.6 W m −1 K −1 , respectively).
Results for the steady-state volume-averaged temperature in homogeneous experiments et al. (2015) ).
Example of high B ef f and a low Ra H for the time evolution of the dimensionless flux and the mean temperature Figure S1 shows the evolution in time of the dimensionless flux and the mean temperature for an experiment with a high B ef f and a low Ra H (experiment 10) together with the best-fit exponential function (black curves) and predictions of the simple theoretical model (red, dashed lines). Differences between the experimental data and the theoretical results are larger than for experiments at larger values of Ra H . This is expected because the heat flux scaling laws with power-law exponent β = −1/4 are only valid for Ra H values that are larger than about > 6 · 10 5 ) (Limare et al., 2015; Vilella et al., 2018) , such that the dynamics of the thin unstable thermal boundary layer are determined locally, independently of the bulk fluid layer. Differences between the data and predictions account for the fact that values of time constant τ e and average temperature T vol deviate slightly from the scaling laws, contributing to scatter in Figures 5 and 6 . 
Lower layer detection: threshold influence
The tank was first completely filled with the upper fluid and then the denser lower layer was injected at the bottom whilst the excess upper fluid was removed and weighted. The threshold composition value was chosen such that the initial value of the lower layer volume corresponded to the known injected volume. We explain in the text that the tearing out of thin shlieren of lower fluid generates a volume of mixed fluid adjacent to undiluted lower fluid, which shows up as the smearing of the interface. We are interested in the volume of undiluted or unmixed fluid and hence use the same threshold intensity value throughout. Figure S2 shows histograms of intensity levels in the tank (obtained from the individual pixel values) at several times. The two fluids are well separated and the threshold value selected is indicated by the dashed line, with the lower fluid identified by intensity values above the threshold. The volume estimate can be deduced directly from the cumulative distribution function ( Figure R3 ). Small variations of the threshold intensity value have a weak impact on the volume estimate (which is given by the intersection of the CDF curve with the threshold value). This figure has been added to the Supplementary Material. 
Adiabatic lower boundary
The tank is made of PMMA whose density and specific heat are ρ=1200 kgm −3 and 1500 Jkg −1 K −1 respectively. The bottom wall (thickness h w =10mm) of the tank has to heat up and follows the temperature at the bottom of the fluid. Let's consider the example in Figure 3 (experiment 21): the bottom wall temperature increase is at most ∆T =7
• C in δt=40min. The heat flux in this transient period is ρC p h w ∆T /δt =52 W m −2 , which represents 5% of the steady-state heat flux (1110 W m −2 ), therefore we can consider this boundary condition as adiabatic.
